Background: A seasonal variation in the incidence of cerebrovascular diseases still remains inconsistently evidenced. Herein, we analyse the monthly patterns of two health phenomena: hospital admissions and deaths due to these diseases. Methods: We identified 69 511 cases of hospital admissions and 14 956 deaths due to cerebrovascular diseases (ICD10: I60-I69 and G45) among the inhabitants of five Polish voivodeship capitals in 2004-13. The method of time series analysis (exponential smoothing with linear trend and monthly additive seasonality) was applied to calculate the monthly specific seasonal indices. The monthly variation in an inhospital fatality and nonhospital deaths were also analysed. Results: A summer season reduction in number of cases was observed for hospital admissions and deaths. Interestingly, the winter season effect is much more complex, mainly due to the contribution of December, when a high mortality is accompanied by a substantial decrease in the hospitalisation level. This unique discrepancy was observed for all the studied cities. Moreover, this month is characterised by a notably high in-hospital fatality. However, neither the number of non-hospital deaths nor the average length of hospital stay or the kind of hospitalised diseases evidenced that cerebrovascular problems were more serious in December than in any other month. Conclusion: The obtained results confirmed a seasonal variation in cerebrovascular diseases among the inhabitants of Polish cities. Habitual and administrative limitations in hospital activities observed every December do not seem indifferent from the patient health's perspective since they may lead to a low hospitalisation level and a high in-hospital fatality. 
Introduction
P osing a common threat to the health and life of people, cerebrovascular diseases (I60-I69, according to the ICD-10 classification) constitute a serious problem for global public health. In Poland, the situation is particularly disappointing. According to the latest WHO's data, the relevant standardised mortality rate is higher than the EU-28 average by 22% (Health for All, Mortality Database, 2014), whereas the number of healthy life years lost even 2.7 times exceeds the EU-15 average (2012).
The existence of seasonality in cerebrovascular diseases has been confirmed in many countries, however, some controversies arise. 1, 2 The 2013 review 2 concluded that almost half of over 40 studies, conducted worldwide, reported the maximum number of strokes in the autumn and winter, while 40% in the spring and summer. On the contrary, 10% of studies found no relationship between the season and a stroke incidence. In Poland, this phenomenon has so far been analysed upon the basis of data from separate hospitals. 3, 4 Relatively rare population-based studies analyse the seasonality of morbidity and mortality due to cerebrovascular diseases; [5] [6] [7] sometimes, the mortality analysis is limited to an in-hospital fatality. 8, 9 Most of them research one observable value, i.e.-the number of registered deaths, 10 hospital admissions to one 11, 12 or more facilities, [13] [14] [15] [16] or incidences in a certain population. [17] [18] [19] [20] The presented study investigated the seasonality of mortality and hospitalised morbidity related to cerebrovascular diseases in Poland. The results of previous studies concerning Poland, 3, 4 Germany 20 and Denmark, 7 and our preliminary observations support the hypothesis that the disease incidence raises in the winter months, which should be characterised both by an increase in hospitalisation and the number of deaths alike. An important aim of the present work is to compare the seasonal pattern of the both phenomena. Noticeable discrepancies between them in certain seasons, especially high mortality along with the low number of hospital admissions, could indicate the periodical shortage of suitable medical care.
Methods
The hospitalisation data came from the Nationwide General Hospital Morbidity Study (NGHMS) conducted within the Programme of Statistical Surveys of Official Statistics by the National Institute of Public Health -National Institute of Hygiene in Warsaw, and commissioned by the Ministry of Health. All Polish hospitals are obliged to send to the NGHMS the monthly discharged data of hospitalised patients in the form of anonymous records without any personal identifiers. On average 90% of hospitals comply with this obligation, however substantial regional variation is observed (70-100%). To ensure data completeness, only cities in which all hospitals forwarded reports during the whole studied period (2004-13) were included in the study. Taking into account that the NGHMS is based on hospital discharges, the register of 2014 was scanned to identify all subjects admitted in 2013, but year 2014 was not analysed. The data were the daily admission figures due to cerebrovascular diseases (identified by principal diagnosis code: I60-I69 and G45 according to the ICD-10 classification) among the inhabitants of five cities located in different areas of the country (Katowice, Poznań , Rzeszó w, Bialystok and Bydgoszcz). Due to admission priority, the analysis of hospitalisations was conducted separately for the I60-I64+G45 diagnoses (emergency admissions) and for the I65-I69 (usually planned admissions) ones. Other discussed hospitalisation indicators were in-hospital fatality, hospitalisation length and the structure of treated diseases.
Mortality data (individual, anonymous records) were made available by the Polish Central Statistical Office. They encompass all deaths of the inhabitants of the analysed cities due to I60-I69+G45 as the underlying cause of death according to the death certificate (coding scheme of death causes was not changed during the study period). Two mortality indicators, the total number of deaths and the percentage of non-hospital deaths are analysed in the study.
Altogether, the analysed data comprised 69 511 hospitalised cases (including 52 934 due to I60-I64+G45, and 16 577 due to I65-I69), 11.1% of which were treated in the specialist stroke unit, 71.0% in neurological, while 17.9% in other hospital units. For the I60-I64+G45 group those figures amounted to 14.0, 78.6 and 7.4%, respectively. Most of the I65-I69 cases were hospitalised in the neurological (45.5%), surgical (22.1%, including vascular surgery 9.5% and neurosurgery 7.6%) and rehabilitation units (14.8%). The total number of the analysed deaths was 14 956, with 10 868 cases (72.7%) occurred in hospitals.
The Supplementary material summarizes the collected data. The effect of differences in the length of particular months was eliminated by data aggregation to 120 months with the equal standard length of 30.4 days upon the basis of the daily average of admissions and deaths for each month of the ten-year observation.
Three time series were created-for deaths, admissions due to I60-I64+G45, and admissions due to I65-I69. The applied method of time series analysis was exponential smoothing 21 with the linear trend (confirmed previously with the application of linear regression) and monthly additive seasonality (differences within 12 months verified with the Kruskal-Wallis test), which enables one to calculate the monthly seasonal index, namely the number of cases added to (or subtracted from) the long-term trend for particular months. These indices are also presented as a percentage of the appropriate long-term trend (Table 1, Figure 2 ) to facilitate the comparisons between monthly exceeds in number of deaths and hospital admissions.
The goodness of fit of the model was evaluated analysing the residuals as regards the mean close to 0, accordance with normal distribution (Shapiro-Wilk test) and the absence of significant autocorrelations (autocorrelation function).
The statistical significance of December-January differences for an in-hospital fatality and non-hospital deaths was verified with the use of the Mann-Whitney U test. The admission discrepancy between the first and the second half of December was confirmed with the Wilcoxon matched pairs test. The significance level for all the tests was assumed to amount to 0.05. The calculations were executed with the SPSS 12.0 PL. Table 1 presents the results of modelling of the aggregated numbers of deaths and hospital admissions. The residuals of fitting fulfilled the above-mentioned requirements.
Results
The number of deaths exhibited a yearly cyclicity ( Figure 1 , curve D). The period of a decreased mortality (negative seasonal indices) lasted from May to September, being particularly visible from June to August-the seasonal mortality index fell by 7.9-12.1% (median values for 2004-13) in relation to the long-term trend (Figure 2 , curve D). The highest mortality was recorded for December and January (in excess of 9.0% and 8.7%, respectively). The statistically significant (P < 0.001) declining long-term trend was observed even despite being smoothed (2.2 cases a year; 95% confidence interval: [1.5-2.8], assuming the linear form of the trend).
The number of hospitalisations due to I60-I64+G45 exhibited the long-term rising trend (assuming the linear form of the trend of 3.9 cases a year; 95% CI: [1.8-6.1]; P < 0.001) despite a visible fall in the last two years ( Figure 1 , curve HA). The yearly fluctuation was weaker than in the case of deaths (Figure 2 ). The periods of decreased admissions lasted from May to August, with a reduction by 0.1, 1.6, 5.6 and 5.8%, respectively and, contrary to deaths, in December (4.7%). The highest numbers of hospitalisations in both the I60-I64+G45 and I65-I69 groups were recorded in January (in excess of 4.5% and 11.9%, respectively). For the latter group an even more evident fall in December and a leap rise in January of the following year were observed. This series showed a slight declining trend (by 1.2 cases a year; 95% CI: [0.2-2.3]; P = 0.021) (Figure 1, curve HP) .
A notable finding was a discrepancy between the number of deaths and hospital admissions in December, which is characterised by the highest mortality in the whole year, a low emergency hospitalisation (I60-I64+G45) and a record-low planned admission. This effect was also visible in all cities (see Supplementary material).
December differed greatly from the other months also in regard to a high in-hospital fatality due to all analysed reasons (which would result from a decrease in the number of admissions), but also to hospitalisations connected with emergencies I60-I64+G45 ( Figure 3A) . The number of deaths per 100 hospitalisations equalled 14.2 (median from the years 2004-13), and it was higher than in all other months, when it changed within the range from 11.2 in September to 13.3 in January. The differences in fatality rates between months were statistically significant (P = 0.041).
The proportion of out-of-hospital deaths ( Figure 3B ) also showed statistically significant differences between months (P = 0.039). Among all analysed deaths, 27.3% occurred outside hospitals. Their percentages (medians for the years 2004-13) changed in particular months from 22.2% in April up to 31.2% in July. December's figure (29.4%) was the second-highest monthly value, in particular, significantly higher (P = 0.011) than that for January (24.6%).
Discussion
Proving the seasonal character of the incidence of a particular disease is an important step to its prevention and providing appropriate medical care. Due to their widespread character and serious health consequences, research into cerebrovascular diseases seasonality has been conducted in several countries for many years now. The results are not conclusive. Studies rarely concern all cerebrovascular diseases, rather than only particular ones. Most of studies analyse only hospital admissions, while others also encompass non-hospitalised cases. The current study analyses two health-related phenomena-hospitalisation (number of admissions, in-hospital fatality) and mortality (number of deaths, percentage of non-hospital ones) on the base of separate, independent sources. It is a strong point of the study, likewise the method of statistical analysis eliminating the impact of random variability. Including into the analysis only five cities guarantees the completeness of hospitalisation data, so that the observed effects cannot be attributed to the data quality differences for particular months but it is also a certain limitation of the study. The most important problem concerns the non-hospitalised and non-fatal cases, which are recorded neither in hospital nor in mortality registries. These are probably not the most serious cases, but their number remains unknown, precluding analysis of both incidence and rate of hospitalisation in cerebrovascular diseases. Some other limitations arise from the range and quality of accessible data. There is no coherent, reliable system of identification of acute and non-acute cases in Poland, thus the division I60-I64+G45 vs. I65-I69 was applied. Moreover, the number of deaths may be underestimated e.g. due to the so called 'garbage codes' on death certificates, which should not, however, bias the seasonality, because their usage does not exhibit a monthly variation.
We found seasonality effect to be stronger in the case of deaths than in that of hospital admissions (Figure 2 ). The pattern of deaths (excess in winter, a reduction in summer) is congruent with many reports on cerebrovascular diseases risk from different European countries.
1,2 Thus, in winter the peak of stroke-related diseases in Denmark 7 and first ever stroke in Ludwigshafen, Germany 20 were observed. A winter increase in the number of hospital admissions was reported from North-East Poland, 3, 4 West Midlands Region 13 and Norfolk 8 in Great Britain, and from Umbria, Italy. 18 This season also brought maximum in-hospital fatality in Norfolk 8 and twenty-eight-day case fatality in Malmö, Sweden. 6 The low risk of cerebrovascular diseases in the perspective of the whole year in the summer months was described, among others, for Finland (incidence of ischemic strokes and intracerebral haemorrhages 5 ), England (hospitalisations due to cerebrovascular diseases 13 ), France (prevalence of brain strokes in Dijon 19 ), Poland (admissions due to ischaemic strokes in Bialystok ) and Serbia (hospitalisations due to intracerebral haemorrhage in Nis 12 ). The above-mentioned pattern was observed in our study for mortality, but not for hospitalisations. December is characterised by the highest mortality in the whole year and, at the same time, by the reduced number of hospital admissions, particularly a record low planned hospitalisation level (Figure 2) . The latter does not surprise-the Christmas-New Year's Day week is, traditionally, a holiday period, there are usually no planned admissions in 20th-31st December, sometimes for the duration of the whole month. This phenomenon can also be conditioned by the method of financing the Polish medical care. Hospitals sign contracts with the National Health Fund to provide medical care in a given year. The funds (frequent viewed as insufficient) are usually gone before the end of the year, when many hospital units limit their admissions to the most serious cases. This, in turn, results in the significant reduction in planned admissions (and, as a consequence, in making up for these gaps in January). The financial issues significantly affect a hospitalisation level, which is evidenced, for instance, by the results of the implementation of Diagnosis-Related Groups (DRGs) in hospital treatment in 2008-including remunerative ones: complex treatment of brain stroke over than 7 days (A48) and thrombolysis treatment (A51). In the same year, the number of admissions due to I60-I64+G45 notably increased (Figure 1, curve HA) . Simultaneously, the number of hospitalisations due to I65-I69 started to fall (Figure 1, curve HP) , since, according to the requirements of the National Health Fund, ever more were treated in the outpatients setting.
The reduction in the I60-I64+G45 hospitalisations in December, along with a high mortality level, poses the question of how patients' needs of hospital care should be met. The high level of an in-hospital fatality of emergency patients (thus, not created as a result of limiting the total number of admissions) may signify them being in a more serious condition that in other months, but also may indicate a worse quality of medical care (for instance, the best specialists conducting difficult neurosurgical operations more frequently take their leave in the holiday period). If December's cases were particularly serious, both an in-hospital fatality and non-hospital deaths would be increased in this month, but it was not observed. This would be explained by the occurrence of the certain form of patients selection (admission of the most difficult cases), but such hypothesis is confirmed neither by the kinds of hospitalised diseases nor the average length of hospitalisation period. In December, the percentages of subarachnoid or intracerebral haemorrhage (I60+I61), cerebral infarction (I63) as well as transient cerebral ischaemic attacks and related syndromes (G45) among all (I60-I64+G45) hospitalisation equalled 10.6, 60.4 and 28.7%, respectively, and did not differ from values from other months (with the ranges, respectively, 9.3-12.4%, 55.7-61.3% and 25.8-32.9%). The structure of hospitalised diseases was similar in all the involved cities. Similarly, the average hospitalisation length in December matched that in the other months, and amounted to 10.4 days for the I60-I64+G45 patients who died in hospital and 11.5 days for the discharged; ranges for all months were: 9.3-11.7 days and 10.9-12.1, respectively. Thus, the most probably explanation of in-hospital fatality increase in December remains worse quality of medical care.
The effect of medical care organisation and quality on hospitalisation and mortality due to cerebrovascular diseases is frequently analysed in the literature in relation to a weekly changeability. The studies from many countries report the so-called weekend effect in stroke treatment, [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] i.e. a notable fall in the number of hospitalisations, and prognosis for admitted patients less positive than for those starting treatment on weekdays. [22] [23] [24] [25] [26] [27] [28] In hospital stroke centres, with all the procedures available 24/7, the weekend effect is not recorded. 30, 31 This phenomenon was also described in Poland, 22 it is also evident in our data (the number of hospital admissions due to I60-I64+G45 at weekends is lower than on Mondays by 35 and 41%, respectively). The results of the current study prove that such an effect in Poland can concern not only weekends, but also a substantial part of December, when hospital functioning is limited. In all the analysed years, the time between 17th and 31st December had a lower number of hospitalised patients than 2nd to 16th December). This pertains not only to diseases generally treated in the planned admission mode, i.e. I65-I69 (the differences in particular years amounted to 14-61%, on average 40%, P = 0.005), but also the I60-I64+G45 ones (between 3% and 30%, on average 8%, P = 0.005). At the same time, no regular, statistically significant difference in the number of deaths was observed.
Hospitals in many countries reduce their functioning in the Christmas period, in particular, limiting planned admissions. 32, 33 As was proved by Keatinge and Donaldson, 33 north-eastern England's hospitals report an extremely low hospitalisations level due to all causes, with a simultaneous regular increase in mortality after 15th December until the first days of January. However, the decrease in emergency admissions concerned mainly 4 days in the entire year (the biggest was on 25th December, and a slightly lower one on the adjacent days and New Year's Day).
Summarizing, mortality and hospital admissions due to cerebrovascular diseases clearly demonstrate a yearly cyclicity, however, their distributions differ significantly in the second half of the year, with the most spectacular discrepancies in December. The low number of hospitalisations in this period can be attributed to several reasons, and their detailed explanation is crucial for the healthcare policy, since it will make it possible to provide patients with appropriate medical care all year long.
The results of the presented study also indirectly confirm a more general conclusion that the frequently described winter mortality increase in European countries [34] [35] [36] is due to the climate and its effect on the organism, but also the healthcare system organisation and management.
